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[57] ABSTRACT

Load tester for electronic components which has a
plurality of shelves mounted on shelf frames movable in
a horizontal circulation in an endless array entirely
housed in a high temperature compartment. The drive
mechanism for circulation is positioned outside of the

compartment. Current is fed from an AC feed rail to
individual rectifiers for each frame mounted outside of

the compartment by individual current-collection trol-
leys. The current 1s then fed into the compartment to
contact elements on each shelf.

4 Claims, 5 Drawing Figures
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LOAD TESTING APPARATUS FOR ELECTRONIC
COMPONENTS

BACKGROUND OF THE INVENTION: 5

The present invention relates to an apparatus for
executing high-efficiency load tests on a multiplicity of
electronic components over many hours in a high tem-
perature environment while realizing a reduction in the
space required for istallation of testing equipment.

With the recent amazing diffusion of microcomputers
in a variety of fields covering from factories to homes,
there has arisen a severe requirement for high reliability
of electronic components incorporated in such mi-
crocomputers. It 1s therefore essential to conduct strict
inspection and load testing of the electronic compo-
nents prior to incorporation thereof in the microcom-
puters. Considering an infinite variety of circumstances

under which the computers are used, the load test needs
to be executed for several or more hours continuously

in a high temperature environment.

However, 1n the conventional load testing apparatus
known heretofore, there are existent the following dis-
advantages: 95
(1) Batch type load testing apparatus

A load test for electronic components such as printed
circuit boards is carried out by first inserting them in
magazine racks, then carrying the racks into a load
testing thermostatic room at 40° C. or so by an operator 4,
either manually or with the aid of an auxiliary device,
and subsequently energizing the components for a pre-
determined period of time.

In such a testing apparatus, raising the room tempera-
ture further than 40° C. or so is not permitted so as to 35
avoid deterioration of the working environment for the
operator. The load test extending over many hours
causes harmful influence to the operator’s health. Fur-
thermore, 1t is impossible to achieve fast progress in
handling a large amount of electronic components using 4
such an apparatus. |
(2) Conveyor type load testing apparatus

This type executes a load test by inserting electronic
components in magazine racks and, with storage trans-
port thereof into a thermostatic room, energizing the 45
components from a current collector located below the
magazine racks. In such arrangement where a conveyor
driving mechanism, a storage transport mechanism and
so forth are subjected to the high temperature in the
load testing thermostatic room, it is unavoidable that s5g
the reliability of the apparatus function is reduced with
deterioration of the maintainability. Consequently, this
type of apparatus is considered to be unsuitable for use
under high-temperature testing condition. Further-
more, there occurs sparking due to momentary current 55
interruption between the current coliector and the joint
of pallets having the magazine racks mounted thereon,
hence inducing failure 1n attaining stable current con-
duction. In addition, since the flowing state of air envel-
oping the electronic components in the magazine rack 60
at a standstill is different from that enveloping the com-
ponents in any other magazine rack in motion, a differ-
ence 1s caused between the surface temperature distri-
butions due to the heat generated from the electronic
components. Consequently, it 1s impossible to retain a 65
uniform surface temperature distribution of all of the
components under control.

(3) Stationary shelf type load testing apparatus
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In this apparatus, stationary shelves are installed in a
high temperature room, and magazine racks with elec-
tronic components inserted therein are carried into and
out of such room by means of a stacker crane. However,
in the stage of transferring the magazine racks onto the
shelves, 1t i1s necessary to perform an operation of
switching on and off the power supply between the

‘magazine racks and the shelves. Moreover, driving the

stacker crane in a high temperature room brings about
reduction in the reliability of the apparatus with deterio-

ration of the maintainability due to the harmful effect

that results from such high temperature. Furthermore,
when an unbalanced state is induced with respect to the
distribution of the magazine-mounted components
above shelves and the non-mounted ones, there occurs
a difference 1n the states of circulation of high tempera-
ture air, hence causing difficulties in making the temper-
ature uniform throughout the thermostatic room. As a
result, a satisfactory load test is not achievable for all of
the electronic components under uniform temperature
conditions. |

In view of such circumstances, the present invention
has been accomplished with elimination of the above-
mentioned disadvantages observed in the conventional
load testing apparatus. Hereinafter the invention will be
described in detail with reference to the accompanying
drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially cutaway perspective view of an
electrical load testing apparatus embodying the present
invention: - |

FIG. 2 1s a front view of the shelf groups employed in
the apparatus of FIG. 1;

FIG. 3 is a sectional view taken along the line III-
—III 1in FIG. 2; | |

- FIG. 4 1s an enlarged side view 1llustrating principal
portions of a shelf frame and its immediate vicinity
below a high temperature compartment; and

FIG. § 1s a plan view of a current feed rai! with a feed
control circuit diagram.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

F1G. 1 1s a partially sectional perspective view of an
apparatus embodying this invention, wherein an upper
guide rail 2 1n the shape of a horizontal endless ring is
disposed in a high temperature compartment 1 for exe-
cuting a load test of electronic components for many
hours under high temperature conditions. A lower
guide rail 2’ 1s disposed outside of the high temperature -
compartment coaxially with the upper guide rail 2.
Vertical shelf frames 4 with wheels (FIG. 4) rollable on
the guide rails 2 and 2’ are arrayed in multiple rows and
are connected with one another in an interlocked state.
The frames 4 rotate in a horizontally endless manner
through engagement of a driving sprocket 6 (FIG. 4)
with driving pins § (FIG. 4) which extend downwardly
from the lower ends of the frames 4 located outside of
the high temperature compartment 1.

The frames 4 are equipped with multiple layers of
forked shelves 8 which are adapted for mounting maga-
zine racks 7 with multiple electronic components in-
serted therein. Each shelf 8 has a contact element 9 for
feeding direct current to each of the multiple electronic
components inserted in the magazine racks 7. A venti-
lating window 10 is formed behind each shelf 8.
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The high temperature compartment 1 and the guide
rails 2 and 2" are supported by a plurality of posts 11 and
12 standing upright on the floor. An AC feed rail 13
connected to an AC power supply is attached to the
lower surface of the bottom plate of the high tempera-
ture compartment 1 along the horizontal rotation path
of the shelf frames 4. A rectifier 15 having a current
collecting trolley 14 movable through slide contact on
the feed rail 13 is provided in a portion of each shelf
frame 4 outside of the high temperature compartment 1.
Direct current obtained through conversion of alternat-
ing current by the rectifier 15 1s fed via a cable 15’ to the
contact element 9 secured to each shelf 8.

The high temperature compartment 1 is equipped
with, 1n its upper area, an air conditioner 16 including a
heat exchanger and a circulator, so as to make uniform
the temperature distribution in the compartment 1 while
keeping the temperature constant.

Therefore, as illustrated in FIG. 4, a heat shield plate
18 1s provided in the vicinity of a gap 17 which 1s
formed between the stationary high temperature com-
partment 1 and the shelf frames 4 with multiple shelves
8 circulating along the horizontal endless path in the
compartment 1. In the vicinity of the gap 17, there are
also provided a seal member 19 kept in slide contact
with the heat shelf plate 18 and a cover plate 20 sur-
rounding the two sides of the heat shield plate 18, so as
to prevent harmful influence which may otherwise be
caused in the compartment 1 by external heat and ex-
‘erted adversely to the oepration of retaining the at a
_transfer position opposed to the transfer chamber 22,

the magazine rack held at the standby position b is for-
- warded, in response to a known detection signal, up to
a door position c in the transfer chamber 2 and simulta-

neously the door 1s opened. Since a transfer lifter 23
provided in the transfer chamber 22 1s set ready at the

lowermost position, the magazine rack is placed on the
transfer lifter 23 and subsequently the door is closed.

The transfer hifter 23 carrying the magazine rack 7
-thereon 1s moved upward to transfer the magazine rack
1 to the empty shelf and then 1s moved downward to be
set at the lowermost position again. The same action as
the above is repeated in accordance with each opening
of the door, thereby transferring the magazine racks 7
sequentially to empty shelves.

The magazine racks 7 thus transferred to the empty
shelves are brought into contact with the contact ele-
ments 9 as mentioned previously, and direct current is

applied to the entire electronic components in the mag-.

zine racks simultaneously.

When any magazine rack 7 holding therein the elec-
tronic components already tested arrives at the transfer
position in the chamber 22 with horizontal endless rota-
tion in the high temperature compartment 1, the maga-
zine rack 1s taken out of the transfer chamber through
the door in a procedure reverse to the foregoing one
executed for supplying the magazine rack. An inspec-
tion 1s carried out at a transfer position opposed to the
transfer chamber 22, the magazine rack held at the
standby position b is forwarded, in response to a known
detection signal, up to a door position ¢ in the transfer
chamber 22 and simultaneously the door 1s opened.
Since a transfer lifter 23 provided in the transfer cham-
ber 22 is set ready at the lowermost position, the maga-
zine rack is placed on the transfer lifter 23 and subse-
quently the door is closed.

The transfer lifter 23 carrying the magazine rack 7
thereon is moved upward to transfer the magazine rack
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7 to the empty shelf and then 1s moved downward to be
set at the lowermost position again. The same action as
the above 1s repeated 1n accordance with each opening
of the door, thereby transferring the magazine racks 7
sequentially to empty shelves.

The magazine racks 7 thus transferred to the empty
shelves are brought into contact with the contact ele-
ments 9 as mentioned previously, and direct current 1s
applied to the entire electronic components in the mag-
zine racks simultaneously.

When any magazine rack 7 holding therein the elec-
tronic components already tested arrives at the transfer
position in the chamber 22 with horizontal endless rota-
tion in the high temperature compartment 1, the maga-
zine rack is taken out of the transfer chamber through
the door in a procedure reverse to the foregoing one
executed for supplying the magazine rack. An inspec-
tion is carried out at a position d or e in an Inspection
station T1 or T2. The load-tested electronic compo-
nents are taken out of the magazine rack 7 at the en-
trance position a, and new electronic components are
inserted in the magazine rack.

As described hereinabove, supply and return of the
magazine racks mto and from the high temperature
compartment 1 are executed properly with opening and
closing of the heat shielded door located at the inlet-
outlet aperture of the transfer chamber in such a manner
as not to induce any impediment to the operation of
retaining the compartment temperature constant and
uniform. A multiplicity of electronic components
placed 1n an electrically conducting state on the shelves
arrayed in multiple rows and layers are heated uni-
formly with high temperature air which 1s circulated by

the air conditioner 16 in the high temperature compart-

ment 1 via the respective ventilating windows 10
formed in the shelves. The frames 4 and the bottom

plate of the high temperature compartment 1 are ther-
mally 1solated from external heat due to the existence of
the seal member 19 and so forth, whereby conduction of
any external heat is prevented. Further, in combination
with the heat insulator 21 and the like emloyed to check
thermal conduction from the outside, the compartment
temperature is maintained constant so that the load test
of the electronic components circulated endlessly in
such compartment can be executed uniformly for many
hours under the satisfactory high temperature condi-
tion. '

If electronic components to be exchanged are
mounted on or demounted from the rotary shelves in an
energized state, the contact elements are worn due to
rush current or spark disharge caused at the time of
current interruption. Therefore, it is necesary to halt the
power supply to the electronic components when ex-
changing them. In order to prevent wear of the contact
element 9 of the shelf and the current conducting termi-
nal of the magazine rack 7 that i1s induced by an electri-
cal discharge generated therebetween at the time of
transferring the magazine rack onto or from the shelf, a
predetermined region of the AC feed rail 13 at the
magazine-rack transfer position of the shelf 8 may be so
connected as to be energized or deenergized by turning
on or off a magnet switch or the like. In this arrange-
ment, the magnet switch 1s automatically turned on or
off as the transfer lifter 23 is moved away from or
toward the shelf 8. Consequently, when mounting the
magazine rack 7 on or demounting the same from the
shelf 8 by the transfer lifter 23, no current is applied to
the predetermined region of the AC feed rail 13 at the
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magazine-rack transfer position, thereby generating no
electrical discharge at all between the terminal of the
magazine rack and the contact element of the shelf.
Thus, it becomes possible to prevent wear that may
otherwise be induced by the discharge between the rack
terminal and the contact element. |

Referring now to an exemplary circuit configuration
contrived. for the purpose mentioned above, as illus-
trated 1n FIG. §, at least two phases of a portion 13a of
the AC feed rail 13 corresponding to the transfer posi-
tion are insulated from the other portion 135 thereof,
and the contact of a magnet switch 24 is interposed
between the two portions 13ag and 13b while the latter
portion 136 1s connected to the AC power supply via
the contact of a magnet switch 25. This switch 25 is
actuated simultaneously with initiation of a load test and
feeds alternating current to the rail 13. The switch 24 1s
actuated in response to a signal representing the open-
ing of the aforesaid door or in response to a signal repre-
senting the arrival of the magazine rack 7 at the door
position ¢ and executes a control action in such a man-
ner as not to energize the rail portion 132 during the

transfer of the magazine rack 7. Therefore, it is possible
~ to employ any of suitable known control circuits that
actuates the switch 24 by means of a limit switch or the
like turned on during the closing of the door.

According to the present invention of the constitu-
tion described, the high temperature compartment to
perform a load test for electronic components is inter-
nally maintained in satisfactory condition including a
uniform temperature distribution without any fluctua-
tion and is kept free from harmful influence of external
heat. The testing temperature 1s further kept uniform by
horizontal endless circulation of the shelf groups ar-
rayed in multiple rows and layers, thereby facilitating
heat control and enabling a load test for a large amount
of electronic components in a limited narrow space
with extremely low velocity transport for many hours.
- Furthermore, since the AC-converted direct current is
fed to the electronic components on the individual
shelves, there occurs neither momentary interruption of
energization nor voltage drop, hence achieving stable
application of the load voltage to enhance the load test
performance. And when supplying or returning maga-
zine racks to or from the shelves, the contact elements
provided on the shelves are deenergized by the magnet
switch actuated in response to approach of the transfer
lifter and prevent generation of electrical discharge that
may otherwise be caused between the contact elements
and the magazine rack terminals. This eliminates any
discharge-induced wear thereof and increases the dura-
bility as a result. Thus, although the computer has been
considered weak against temperature-fluctuating envi-
ronment, the present invention realizes a satisfactory
load test for electronic components, which are to be
incorporated 1n such computer, under high temperature
condition for many hours. It follows, therefore, that the
reliability of computerized equipment is enhanced to
offer remarkable advantages.

In addition to the aforesaid exemplary embodiment
where a plurality of shelves are attached in many layers
to one shelf frame, it is 2 matter of course that a single
shelf may be attached to one frame. In another modifi-
cation, a plurality of frames may be arrayed in multiple
vertical layers, and the frames in the individual layers
may be driven independently of one another with hori-
zontal rotation in either the same direction or mutually
opposite directions. And it 1s to be understood that the
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present invention includes the entirety of such modifica-

tions.

What 1s claimed is:

1. A load testing apparatus for testing electronic com-
ponents by applying direct current power at high tem-
peratures, said apparatus comprising:

a heated load testing high temperature compartment;

an upper annular guide rail associated with said com-
partment and disposed inside of said compartment;

a lower guide rail generally parallel to said upper
gutde rail, said lower guide rail disposed outside of
sald compartment; |

a plurality of shelf frames connected with one an-
other in an endless array movably mounted on said
guide raiis and each shelf frame being disposed
generally within said compariment and having an
extended portion extending outside of said com-
partment, and each shelf frame having a wheel
outside of said compartment and engageable with
said lower guide rail for supporting sald shelf frame
for movement therealong;

a plurality of shelves mounted on each shelf frame,
each shelf receiving a plurality of the electronic
components therein;

contact elements on each shelf for feeding direct
current to electronic components therein;

a power rail disposed outside of said compartment
and being generally parallel with a path of travel of
sald shelf frames; and

means shdable along said power rail for transmitting

- power from said power rail to the contact elements
of each of said plurality of shelves.

2. The load testing apparatus of claim 1, further com-

prising: |
driving means for horizontally circulating said frames

within said compartment, said driving means being
provided outside of said compartment and having
heat shield means and seal means for preventing
escape of heat from said compartment,

an air conditioning means in said compartment for
keeping the temperature therein constant,

ventilating windows formed in each frame behind
each shelf,

a heat shield door disposed at a compouent inlet-out-
let aperture of said compartment, and wherein said
power transmitting means includes at least a cur-
rent collecting trolley slidable along said power
rail and a cable operatively connected to said trol-
ley for transmitting power therefrom to said
contact clements.

3. A load testing apparatus for testing electronic com-
ponents by applying direct current power at high tem-
peratures, said apparatus comprising:

a high temperature compartment,

a plurality of shelf frames connected with one an-
other in a multiple-row endless arrangement, said
shelf frames being disposed generally in said com-
partment, but with extended portmns extending
outside of said compartment,

a plurality of shelves mounted in multlple layers on
said frames, said shelves being contained entirely in
sald compartment, and each shelf receiving a plu-

- rality of the electronic components therein,
contact elements on each shelf for feeing direct cur-
rent to the electronic components therein,

driving means operatively connected to the extended
portions of each of said shelf frames for horizon-
tally circulating said frames within said compart-
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ment, said driving means being provided outside of plicity of shelf frames connected with one another
said compartment, | | in an endless arangement and movable with hori-
an AC feed rail disposed outside of said compart- zontal circulation in the load-testing high tempera-

ment,

a plurality of rectifiers positioned outside of said com- 5
partment, each rectifier being fixed to and movable
with the extended portion of each of said shelf
frames, each rectifier being electrically connected
by cable means to said contact elements on the
shelves of a corresponding shelf frame for proving 10
direct current thereto and having a current-collect-

ture compartment each of said shelf frames having
an extended portion outside of said high tempera-
ture compartment;

a plurality of rectifiers fixed to the extended portions
of shelf frames outside of said high temperature
compartment and each rectifier having a current
collecting trolley in slidable contact with an AC

ing trolley in slide contact with said AC feed fail feed rail, each of said rectifiers having a cable
for receiving AC power means for feeding a direct current to said contact
4. A current feed device for use in an electrical load elements; and * |
testing apparatus having a high temperature compart- 15 sw1tcl_11ng means through Whl‘fh a current 13 fed to a
ment for testing electrical components therein by apply- region of 33_1@ AC feed rail corresponding to a
ing a direct current thereto, said device comprising: transfer position where the components to be
multiple vertical layers of shelves for mounting tested are mounted on or demounted from said
thereon electrical components to be tested, each shelves, said switching means being automatically
shelf having contact elements for feeding a current 20 open-circuited at a time of mounting or demount-
‘to said components thereon, said shelves and ing said components.
contact elements being disposed on each of a multi- * * % * x
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